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Restenosis, the major limitation of balloon angieplasly, is the
result of intimal hyperplasia after the procedure. Lavastatin, a
3-hydrony-3-mellglglularykeenzyme A IBMC-Ca±) inhibitor,
may influence iolimol
hyperplmia by lowering serum cholesterol
and by blocking deoayribonodele acid (DNA) synthesis. To deter-
mine whether lovastatin reduces intimal hyperplasia, a prospec-
tive, eandoaiaat blinded study was performed in 60 atherosele-
rotie New Zealand White male rabbits, Atherosclerosis was
produced by air desiccatlon injury followed by a 28 day diet of 2 %
cholesterol and 6% peanut oil that was terminated before balloon
agioplasty was performed . Angiopasty could scat be performed
in 14 rabbits with bilateral femoral artery ocetusion, and In one
rabbit the procedure was a technical fun," .
Forty-five rabbits underwent balloon angioplasty performed
with use of a 2.5-mm balloon iaSoted to 10 aim far three I min
dilations at 1 min intervals. Seven rabbits died daring the
proredure
. Thirty-eight rabbits were randonrced to
either a
Imastatin wrong 16 mgrkg body wetaht per day) or a entrust
group. Angloplasty was performed en alt patent vessels (n = 541;
the prnrrdttre was bilateral in 16 rabbits and unilateral in 22.
Although the number of coronary angioplasty preaccdures
performed continues to increase 1>200 .000 were performed
in 1988
Ill),
restenosis complicates about 30'70 of cases
within 6 months (2-16) . Its cause is still not understood .
Intinml hyperplasia, due to smooth muscle cell proliferation,
is helieved to he the dominant process in the pathogenesis
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Fifteen tovaelatin-treated and 15 control rabbits survived 3f days
after angioplasty and were fill killed . Aagiagramr, obtained
before and 10 stn and 39 days after balMOw miopl4y, same
read will
: use or electronic calipers by two observers who had an
knowled;;eofaustral data.Aftertberabbitswerekilled,vessels
were pressure pert red using a standardized protocol to maiwfan
in viva dimensions for Winded quantitative hislalogic analysis.
After halloos angioplasty, total ckilediroi decreased 36 s
13% (areas t SEW i the lovastmin group (p < 0
.05) and 26 t
15% in the control group (p < 0.05, am-sided r ost). The peraN
decrease in antdograpkic mammal diameter from Ill sin to 34 days
after angioplasty was less is fire lovastado group (n = 22) than In
the control group (a = 23) (reader 1:13 ± 11 % ver00s 47 t 5%,
p < 0
.05; reader 2 : 17 m 8% versus 47
:e 8%, p < 0 .01), Intimad
thickness was 0 .16 s 0.62 mm in the Iavasmtin group mid 0
.30 :1:
0.04 min in the control areal < 0.01). hue, lost stair reduced
tntimal by perplimla
deer bottom aogioplaly cruse ftmoml mtrry
in the hyperohel steralemic atherosclerotic Tablet. Its efled in
patients undergoing coronary angioplasty should be evaluated.
(JAM
Coa Cardior 1991;17:231-9)
(1,17-)1) , Smooth muscle cells appear to proliferate in
response to a complex interaction of several growth factors
[hat are produced after arterial injury by platelets . endothe
lial cells, stool muscle cells and macrophages. Platelet-
derived growth factor probably has a central role (19-26) .
Deposition of platelets and fibrin with subsequent fibrocel-
lular otganizattnn of thrombus may play a secondary role
I I7-20.26,27,32-35). No therapy cvaluatcd to date. including
low-dose aspirin and dipyridamole (36),
calcium channel
blockers (37,38). warfarin (16) and heparin (39), has yielded
a consistent benefit . The use of omega-3 tally acid supple-
mentation is controversial, having proved beneficial in some
studies (11,40) but not in others (41,42) . Low dose aspirin
reduced the incidence of restenosis in patients with a history
of anginal symptoms for at least 6 months (16) .
High dose
aspirin therapy (1 .5 mglday) reduced the incidence of early
restenosis but caused an unacceptably high incidence of
gastrointestinal side effects (43),
Lovastatin may decrease the incidence of restenosis by
07x,-i057etu3 .sa
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reducing serum cholesterol and by preventing cell prolifera-
tion . Lovastatin inhibits 3 hydroxy-3-methylglutaryl-
coenzyme A (H MG CoA) reductase, the enzyme responsible
for the conversion of HMG COA to mevalonate, which is the
rate-limiting
step in cholesterol biosynthesis (44,45), Inhibi-
tion of HMG CoA reductase reduces the intracellular cho-
lesterol, causing an increase in the number of low density
lipoprotein ILDLI receptors . The LDL receptors remove
LDL and its precursor, the very low density hpoprotcin
IVLDLI . from the circulation- the hypocholesterolemic
effect of the HMG CoA reductase inhibitors is probably due
to both an enhanced number of LDL receptors and a
decrease in cholesterol biosynthesis )46( .
In vitro. HMG CnA reductase inhibitors can prevent cell
proliferation in response to mitugenic stimuli (47-50). This
effect is believed to be the result of depriving the cell of The
metabolites of mevalonate . Cholesterol is involved in new
membrane synthesis and thus is essential for cell growth
(47) . Furthermore, a metabolite or metabolites of meval-
onate other than cholesterol are essential for DNA synthesis
(47,49,51-56). These substances. however, have not been
identified (57) .
To test the hypothesis that lovastatin reduces intimal
hyperplasia after balloon angioplasty . we performed a pro-
spective . randomized, blinded study in the hypercholester-
olemic atherosclerotic New Zealand White male rabbit,
comparing rabbits receiving lovastatin with a control group .
Methods
Experimental and control groups . The study was per-
formed in the femoral arteries of New Zealand White male
rabbits. Briefly. an atherosclerotic lesion was created in a I
to 2 cm segment of the artery by damaging the endothelium
and feeding the rabbits an atherogenic diet for 28 days
thereafter (58-60) . After the diet was terminated, balloon
angioplasty was performed in the atherosclerotic femoral
artery segments . Femoral arteriagrams were obtained before
and after balloon angioplasty . Afar angioplasty, the rabbits
were randomized to either a control or an experimental
group. The experimental group received lovastatin, 6 mg/kg
body weight per day . The rabbits were killed 39 days after
balloon angioplasty. A follow-up femoral arteriogram was
obtained before death, The histologic characteristics of all
vessels was studied ; the dimensions of the lumen, the intiuta
and the media were determined by a quantitative histologic
technique . Management of the animals conformed to the
Position of the American Heart Association on Research
Animal use, as adopted on November 11, 1984 .
Endothelial injury. A segment of femoral artery endothe-
lium was injured by nitrogen gas desiccation . The rabbits
were anesthetized before operation . Anesthesia was induced
by intramuscular injection of ketamine, 35 mg/kg and xyla-
zine, 5 mg/kg. During surgery anesthesia was maintained by
intermittent intravenous injections via a marginal ear vein,
using ketamine, 8 mg/kg, and xylazine, I mg/kg. Under
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sterile conditions, the proximal femoral arteries, about I cm
below the inguinal ligaments, were exposed bilaterally. A t-
to 2-cm sego it of the femoral artery was isolated between
silk ligatures . Industrial nitrogen gas was then infused
through the isolated segment, at a flow rate of 80 ml/min for
8 minutes . The needle and ligatures were then removed and
hemostasis was achieved by direct compression . The dam-
aged segment of artery was then demarcated by fixing metal
clips to muscle tissue lateral to the artery . These clips are
radiopaque and thus facilitated later identification of the
damaged femoral artery segment . The wound was sutured
and a prophylactic dose of 600,000 U of procaine penicillin G
was administered intramuscularly
.
Housing and Feeding. All rabbits were housed in an
identical manner . Before endothelial injury, they were fed
standard chow, A 2% cholesterol . 6% peanut oil diet was
begun they day after endothelial injury and was continued
for 28 days
. Thereafter, standard chow was given. Rabbits
that refused the cholesterol-rich diet were maintained on a
mixed diet, consisting of both the normal and the athero-
genic diets in equal proportions for a few days before
receiving the full atherogenic diet . Lettuce and hay were
used as inducements to increase compliance . White bread
cubes (2 to 3 x 3 to 4 cm) were introduced into the diets of
all rabbits on the day after endothelial injury to accustom the
rabbits to the bread, which was later used as the vehicle or
lovastatin administration. Rabbits were weighed weekly .
Femoral angioplasty. Balloon angioplasty was performed
in the atherosclerotic femoral arteries after termination of
the atherogenic diet. The interval between termination of the
diet and angioplasty was 8 ± 2 days in the control group and
6 ± 2 days in the treated group
.
Angioplasty was performed with a 4 .OF polyethylene
angioplasty catheter, 120 cm long, with a balloon 2 .0 em long
and 2.5 mm in diameter (Medi-Tech, Inc
.)
. The catheter was
introduced and advanced under fluoroscopic imaging . Angi-
ography was performed with a Siemens biangulux X-ray
tube with a 0 .6 focal spot .
Before angioplasty, the rabbits were anesthetized as
described, They were then placed in a perspex brace,
custom designed to maintain the rabbits
in
a standardized
position . A grid consisting of 1 cm squares, for calibration
and correction of magnification, was placed lateral to the
right hind limb . The right common carotid artery was ex-
posed; an arteriotomy was performed and a 4F preformed
introducing catheter was inserted . Arterial blood was drawn
for determination of total serum cholesterol
; heparin, 250 ml,
was administered intraarterially . A 0 .014-in. (0 .036 cm)
Veriflex guide wire (USCt) was introduced and advanced
into the descending aorta. The preformed introducing cath-
eter was removed and the angioplasty catheter introduced
and advanced to the level of the L4/L5 intervertebral disk,
which is distal to the renal arteries and proximal to the aortic
bifurcation. The guide wire was removed and a 20 mg bolus
of 2% lidocaine hydrochloride was administered by way of
the angioplasty catheter to attenuate vasospasm, which may
]ACC Vat 17. No. I
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have been caused by introduction of the catheter . Seven to
10 nil of 50%a meglumine deatrizoate (Renegrafin-76) was
injected manually through the catheter over 3 s to obtain the
preangioplasty angiogram .
The catheter was advanced into the femoral nrterv,
across the narrowest point of the lesion . The balloon was
inflated to 10 aim for 60 s with a sand indeflator . Three
inflations were performed with a 60 s interval between
inflations. During the final inflation, an X-ray film of the
inflated balloon was obtained to confirm the position and
satisfactory inflation of the balloon, The catheter was then
withdrawn into the iliac ar ery . A second 20 mg bolus of
lidocaine was infused to minimize vasospasm reselling from
manipulations of the guide wire and catheter and from the
balloon angioplasty . In the instance of an occluded contra-
lateral artery, the catheter was withdrawn to the level of the
junction of L4 and L5
. In the case of a patent watralaterat
artery, the catheter was then placed across the lesion of that
artery, angioplasty performed and lidocaine infused as de-
scribed earlier.
A poslangioplasrv arioinerurn eras perorrted 10 milt utter
the last balloon inflation in all rnhhirs . The catheter was
removed, the right common carotid artery liga,ed and the
wound closed. Procaine penicillin G (600
.000 101 was ad-
ministered intramuscularly .
Balloon angioplasty has nrtempted in 60 rabhh, Angin-
plasty was not performed in 14 rabbits with bilateral femoral
artery occlusion, and in one rabbit the catheter could not he
advanced across the atherosclerotic lesion
. Seven rabbits
died during the procedure . Thus . 38 rabbits were entered
into the study . Femoral arteries were patent bilateraoy in 16
rabbits and unilaterally in 22 rabbits . Balloon angioplasty
was performed on all 54 patent vessels .
Randomization and administration of lovastatin. The 19
surviving rabbits were randomly allocated to either the
control or the experimental group . Randomization involved
drawing lots forma pool containing an equal number of control
and experimemaleards . Experimental rabbits received lovas-
satin 11,2,3,7,g,Ba-hexahydro-3,7-dimethyl-8-l?-Itevahydro-4-
hydroxy-6-oxo'2H-pyraa-2-yftethyll-l-naphthalenyl 2-meth-
ylbutanoate (Merck-, at a daily dose of ii mg,'kg for 39 days . This
regimen was selected because it has been shown to reduce total
serum cholesterol in hypercholeslerulemic New 7.eulaud While
rabbits (611, The dose was determined from she weekly weight
and the calculated dose was mixed with I ml of ethyl alcohol
and impregnated into bread cubes . which were allowed to air
dry for 1 hour 1o permit evaporation of the alcohol, The treated
bread cubes were then stotcd at 4'C I6t,621
. Bread cubes were
prepared twice a week . Control rabbits continued to receive
untreated bread cubes, Compliance with [he treatment regimen
was documented by daily inspection of the cages for presents
or absence of the bread cube
. During the course of the
experiment we noted that certain mhhits often refused to
accept the bread cubes. We therefore began direct oral admin-
istration of the drug, mixed with water, to rabbits that did not
consistently accept the bread caber containing lovastatin .
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Four
Control and four treated rabbits died in the period
between angioplasty and euthanasia . At the time of induced
death, each group contained 15 rabbits .
Final angiopaphy, iodueed death and pressure perfusion.
Final angiographic evaluation was performed and death
induced 39 -_ 0
.5 days after angioplasty in the 15 control
rabbits, and 39 i 0 .3 days after angioplasty in the 15 treated
rabbits . The rabbits were anesthetized . The catheter was
introduced by way or a left common carotid arteriolomy and
an angiogram obtained. A laparotomy was then performed
and a perfusion catheter was introduced into the abdominal
aorta
.
.A 10-mg bolus of lidocaine was infused to minimize
arterial vasospasm . The distal arterial tree was flushed with
50 ml of normal saline solution, infused at 100 mar Hg
. At the
commencement of the perfusion procedure, rabbits were
killed with 3 ml of sodium pentobarbital injection (65 mend) .
Thereafter
. 106 ml of 3% glutaealdehyde was infused at
166 mm Hg over approximately (5 minutes to maintain the
vessels al their in vivet dimensions for subsequent histologic
analysis (61)
;
perfusion was at room temperature . A 6 to
9 em segment of the femoral artery was then excised and
placed in 9% glutaraldehyde .
PreparatinnefhkTnlegie specimens . Each artery was sep-
arated into I6 to 20 color-coded segments
. From which 4
to
6 nm histologic sections were cut and stained with hemotox-
ylin-eosin . Gomnr'% Rrichrome stain and Richardson's ctnn-
bination of Gommi's trichrome and Verhofl -s elastin stains
(64).
Data .analysis
Serum chakslerd measurement . Fasting blood samples
were obtained at the time of endothelial joint. angioplasty
and induced death, and nonfasting samples were obtained
10, 20 and 30 days after balloon angioplasty . Total serum
cholesterol was determined by enzyme analysis performed
by the Department of Laboratory Medicine, West Haven
Veterans Administration Medical Center (65)
.
Angiography. All angiograms were obtained with the
catheter in the same position . The angiograms were mad
without knowledge of treatment group by two observers
using electronic digital calipers . The location of the narrow-
est diameter of the stenosis was determined in the preangio-
plasty film, Luminal diameter was measured at that point
in
the preangioplasly
. angioplasty and 10 minute postangio-
plasty films. In the 39 day postangioplasly film, the stenosis
was read at its narrowest diameter, whether or not this point
coincided with the smallest diameter in the previous films .
The diameter at angioplasty represents the diameter of the
inflated balloon. Totally occluded vessels were given a vattle
of 0
. Three readings were taken at each point and a mean of
the three readings was determined . Measurements that dif-
fered by 0.4 mm or more between the two readers were
reevaluated by both readers without knowledge of previous
assesstnants and the second reading was used in the analy-
sis .
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Quantitative histologic analysis
. This was performed on
the vessels of all rabbits that successfully completed the
protocol. In patent vessels, dimensions were determined
from the section with the smallest lamina) diameter
. Analy-
sis was performed with use of a digitizing tablet and an
electronic cursoh linked to an IBM XT microcomputer
. The
data were analyzed using a commercial software package
(Prodesign 11). A drawing tube attached to a microscope was
positioned Over the digitizing tablet, enabling the examiner
10 simultaneously visualize the histologic section and the
cursor on the digit7ing tablet . The cursor was equipped with
a cross-hair, allowing for precise measurements,
The digitizing tablet was calibrated before each measure-
ment. The cross-sectional area (Trim) of the lumen, inlima
and media were determined by tracing the margin of the
lumen. the internal elastic lamina and the outer margin of the
media (no distinct external elastic lamina was present) . In
the event ofa defect of the internal elastic lamina, the natural
curves were approximated . Area measurements (mm'1 were
repeated and a mean of the two readings was determined .
The diameter (mm) of the lumen was determined from the
mean of two readings at right angles to each other . The
thicknesses (mml of the intima and media were calculated
from the mean of four readings at 3, 6 . 9 and t2 o'clock
positions . In 15 of the 23 control vessels and 12 of the 22
treated vessels, the area of the lumen, inlima and media and
the diameter of the lumen were calculated using the mea-
sured circumference of the internal lamina and the outer
margin of the media to compensate for artifactual folds in the
tissue . 'These measurements were used to corroborate the
precision of computer-generated data. The correlation coef-
ficient between the calculated and computed values ranged
from r=0.87(p<0.001)tor=0.99 (p < 0.0001) . The
computed data were thus used in all analyses .
Statistical analysis . All data are expressed as mean
values t SEM . Continuous variables were aralyzed with
use of the paired Student's a test for intragroup :umparlsons
and the unpaired Student's t test for intergroup comparisons.
The difference in discrete variables between the two groups
was determined by using the two-tailed Fisher exact test .
Results
Study groups . The control group consisted of 15 rabbits
with 7 completely occluded femoral arteries that were not
treated with angioplasty and 23 stettolic vessels that were
dilated . The experimental group consisted of 15 rabbits with
8 completely occluded vessels that were nut treated with
angioplasty and 22 stenolic vessels that were dilated . There
was no significant difference between the two groups in age,
weight, interval between cessation of diet and balloon an-
gioplasty', interval between baboon angioplasty and induced
death, timing of serum cholesterol estimation or distribution
of dilated vessels . Five rabbits in the treated group accepted
the lovastatin for <90% of the treatment period . All analyses
were performed including and excluding these five rabbits .
vn , teeNTn0Ltn_,',1
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Figure 1 . Changes in total cholesterol through the successive time
imcrvnls, Time interval I =time afendothelial injury : time interval
2 = time of angioplasty: time interval 3 - 10 days after angioplasty ;
time interval 4 = tOdays after angioptasty ; time interval 5 = 30 days
after Angioplasty : and time interval V = at induced death . The
increase from interval I to interval 2 is due to the administration of
the high cholesterol peanut oil diet . Data are expressed as mean
values and 95% confidence intervals .
Serum cholesterol (Fig . I and 2). The cholesterol-rich diet
produced an increase in total serum cholesterol level that
was similar in both groups . Total cholesterol level decreased
in both groups between balloon angioplasty and induced
death: in the control group from 1,204 ± 83 to 779
108 mg/dI (p < 0 .05), a reduction of 26 a 15%P (p < 0.05,
one-sided t test), and in the experimental group from 1,244 ±
159 to 686 t 113 mgldl (p < 0 .005) . a reduction of 36 ± 134E
(p < 0 .05) (Fig . 1). There was a nonsignificant difference
in the extent of the reduction between the two groups
(p < 0.65).
After exclusion of data from the five rabbits that accepted
lovastatin for <99% of the postangioplasty period, the total
scrum cholesterol level in the treated group decreased from
1,254 ! 237 to 480 t 119 mgldl (p < 0 .005), a reduction of
57 ± 10% (p < 0.001)
. This was significantly greater than the
decrease in the control group (p < 0 .05) (Fig
. 2) .
Femoral angtogrmms ('fable I, Fig . 3). The twmrelation
coefficient of the angiographic readings between Readers I
Figure 2
. Changes in total cholesterol through the suceessive time
intervals for 10 of the IS rabbits in the experimental group that
accepted the drug for >93% of the pottangtoplasty period and for
the control group.
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Table 1 . Mean Angiugraphie I)larnaler tom, of the Lesion at Each Time Period in the Control and Lmastatin-Treated Groups
`p ! 11.001 Kr- 10 m n ponrangvlplaaty anl7e3ro0 : -p < 0.05 vends It min pustang,oplasty ingiegrarm tp < 0 .005 verse, p tang o94cly angagram;
3p< 3 .05 seam prranpiuylastyanyjogram'.Ilp= NS .uws geangnyla,ly o,r:ogram . An oampudwns refs, toa-sided rIrA: valurs are ucanvalua a SEM .
and 2 was r = 0 .90 for the baseline angiogram, r = 0 .92 for
the 10 min postangioplasly angiugram and r = 0 .98 for the 39
day postangioplasty angiogiom fall p < 0 .000l)
.
In both the control and the experimental group . we
determined the mean percent change in iuminnl diameter
over two time periods •~ from before angioplasty to 39 days
after angioplasty and from 10 min to 39 days after angio-
plasty
. The reduction in luminal diameter was significantly
smaller in the treated group (p < 0.051 over both time periods
IFig . 3).
Furthermore . only one ovastaiin-Iremed rabbit had a
total occlusion, compared with seven control rabbits
to,
0.05).
Analysis was repeated after excluding the data from the
five rabbits that accepted lnoaslatin for =90%c of the treat-
Fill 3. Mean pecan change in
angiographic luminal diameter for
all vessels studied. Twenty-two
vessels in the experimental group
(white bars) are compared with the
23 vessels in the control group
(black harsh The change from 10
min to 39 days alter angioplasty is
shown in A (reader 11 and B Ircad-
er 2). The change from before am
gioplasly to 39 days after angio-
plasty is shown in C trcader 11 and
D (reader 21 . The cm. ore ex-
pressed as ,teen values and 95
50-
conhdence intervals . 'p , 0.05'~ rp
a 0.01 .
ment period
. The change in the angiographic lamina[ diam-
eter in the control and experimental groups was compared as
in the previous analysis. The reducC .a,'T luminal diameter
after angioplasty was significantly less 1n the treated group
(reader I . p < 0.05 . reader 2 . p < 005) .
Histology (Fig. 4 and 5). Sections through lire angioplasty
sites revealed various degrees of intimal hyperplasia . There
was no discernible difference in the histologic features of the
two groups .
In
the potent vessels, the response to angio-
plasty was predominantly fibroccllular with lipid-laden foam
cells present in the outer portions of the lesions and in the
tunics media (Fig
. 4) . Angiogenesis was often evident in the
intima and media
. In the totally occluded vessels. lipid-laden
foam cclis occupied the entire lumen (
rig
. 51 .
A
I
D
CenIrolGroup Experimental Group
Header I
In = 231
Reader'_
n = 231
Reader 1
In = 22)
Reader 2
In = 22)
Bef nur:oplacty I .2'_ m 555 1 .47
- 0
.05 1 .06 x 0.06 1 .29 a 0.06
At angloplasly
139! 0A5 1,13 =004 2 .38 0.04 2.56 x u.05
10
min aver
"le,plasry
1.66=005 1 .81 0 .05 1 .35 x0 In 1.52x0.10
39 daysane,
angioplasty
0.86x0 .13'5
0.12-')W 1 .08 a 0.97+I 124 x 0.08*
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Quantitative histologic assessment (Fig . 6), The control
and experimental groups were compared with respect to
absolute measurements of luminal diameter and area, intimal
area and thickness and medial area and thickness . Lovasta.
tin therapy resulted in a significant reduction in intimal
thickness (p < 0.05) and intimal area (p < 0.05) . Luminal
area and diameter were greater in the experimental group,
Figure S. A totally occluded femoral artery 39 days after angio-
plasty. The lumen is occupied by lipid-laden foam calls . Richard-
son's slain x 16, reduced by 25%,
JACC Yet . 17, Me. I
Jam
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Figure 4 . Femoral arteries obtained
39 days after angioplasty from a
treated rabbit (A) and a control rab-
bit . (H) . There is nn
qualitative
diifer-
enre in the histologic appearance .
Both panels show prnli€crating
smooth muscle cells superimposed
on the underlying atherosclerouc
plaqu, which consists prednmi-
nanCy, of foam cells. The internal
elastic lamina is duplicated in A but is
absent in B . Richardsoa's stain x50,
reduced by 25% .
but the differences were not significant . The area and thick-
ness of the media were the same in both groups . The analysis
was repeated after excluding the data from the five rabbits
that accepted lovastatin <90% ofthe postangioplasty period .
The difference between the two groups with regard to intimal
thickness remained significant (p < 0.05),
Discussion
No therapy has proved successful in preventing resteno-
sis after balloon angioplasty . Smooth muscle cell prolffera .
tion is the primary process in the pathogenesis of restenosis
.
Inhibition of HMG CMA reductase may prevent restenesis
by decreasing scrum cholesterol and by inhibiting cell pro .
literation
. Our study examined the effect of the HMG CoA
Figure 6, Results of the quantitative histologic analysis . The expet-
intenlal and watrol groups are compared with respect to intimal
area (mea) and thickness (mm), luminal area
(mm')
and diameter
(mm), and medial area
(mm')
and thickness (mm). The data are
expressed as mean values and 95% confidence intervals. "p < O.n5 ;
one aided t test; tp < 0.01 .
~~ex,aau~ .at
DeaPrelarxuumarl
1 ~
JACC Vol. 17,
No. I
January 1991 :251-9
reductase inhibitor lovastatin on intimal hyperplasia after
femoral balloon angioplasty in the hypercholesterolemic
atherosclerotic New Zealand White rabbit
.
The decrease in serum total cholesterol level from base-
line was greater with lovastatin therapy, but the extent of the
decrease was not significantly different from that in the
control group . After exclusion of the live rabbits that ac-
cepted lovastatin for <90% of the treatment period, there
was a significantly greater decrease it. semm cholesterol in
the treated group
. Lovastatin was associated with a signifi-
cantly improved angiographic result 39 days after angio
plasty . Quantitative histologic analysis revealed reduced
intimal thickness and area 39 days after angioplasty in
lovastatin-treated rabbits . The number of totally occluded
vessels at 39 days was less in the treated group . Thus .
lovastatin reduces intimal hyperplasia after balloon angio-
plasty in the hypercholesterolemdc atherosclerotic rabbit .
The rabbit model of focal femoral atherosclerosis . The
rabbit model of focal femoral atherosderosis illfriers from
human atherosclerosis in certain respects . Lipid-laden foam
cells are present in both the intima and the media, with little
extracellular cholesterol
. Fibrosis, necrosis, exlracellular
lipid and calcification are frequently absent
(60)
.
The serum
cholesterol levels are higher than those seen in human
atherosclerosis .
Several features of this mode(, however, render it suitable
for the study of the sequelae of balloon angioplasty . The
rabbit femoral artery resembles the human coronary artery
in both size and muscular composition (58) . The atherosde-
rotic lesions are known to be stable for several months after
cessation of the high cholesterol diet (58,66,67). Block et al.
(68) validated the applicability of the atherosclerotic rabbit
as a model for the study of angioplasty by showing that the
acute effects of angioplasty in the atherosclerotic rabbit
artery are identical to those seen in human coronary arteries.
However, smooth muscle cell proliferation is the essemial
component of restenosis in both the rabbit model sad
humans (28). The rabbit atherosclerotic artery is thus ideally
suited for the study of restenosis.
Mechanism of effect on intimal hyperplacia . Theoreti-
cally, lovastatin could influence intimal hyperplasia after
balloon angioplasty by reducing serum cholesterol and by
inhibiting cell growth . It has been shown (69) that hypercho-
lesterolemia promotes intimal proliferation after endothelial
injury in normal arteries
. However, the relation between
cholesterol levels and restenosis has not been evaluated in
animal studies. Large clinical studies
(4,5,7)
have found no
correlation between serum total cholesterol level and reste-
nosis .
The beneficial effect of lovastatin therapy in our study is
probably not the result of its hypocholesterolemic action .
The serum cholesterol levels in both groups are grossly
elevated . It is unlikely that a difference in the degree of
hypercholesterolemia between these two markedly hyper-
cholesterolemic environments could account for the angio-
graphic and histologic differences seen after angioplasty .
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Metabolites
of mevalonale are essential for DNA synthe-
sis and cell proliferation (47,49,51-56) . Furthermore, the
inhibition of HMG CoA reductase prevents an increase in
DNA synthesis induced by platelet-derived growth factor
and ecru growth (51) .
Thus, rovastatin may reduce intimal
hyperplasia after bassoon angioplasty by inhibiting stncalh
muscle call proliferation . The observed effect may he due to
an action of the drug that has not been documented .
Future directions. The results of this study indicme that
tovastatm merits evaluation in patients undergoing percuta-
neous transluminal angioplasty
. The dose used in our study
would he equivalent to 420 mgfday in the average mart,
which is move than 5 times the maximal allowed dose- If
lovastalin is to have a role in
the management of patients
after angioplasty, it would need to be effective at a lower,
clinically acceptable dose . This is possible because humans
are more sensitive than other species to the drug
. Propor
.
tionmc)y smaller doses effect decreases in cholesterol in
humans similar to those produced by larger doses in
rabbits (62) . This relation may apply to the other pharmaco-
logic effects of the drug .
Conclusions. The HMG CoA reductase inhibitor lovasta.
tin reduces intimal hyperplasia after balloon angioplasty in
the atherosclerotic hypercholesterolemic rabbit. Further
studies will establish if HMG CoA reductase inhibitors have
a role in prevention of restenosis in patients undergoing
balloon angioplasty .
We
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